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The trends of the larger folds have been plotted in Text-figure 1, where it can be

clearly seen that the major axis of the anticlinorium is inclined to that of the Catombal

Syncline. As the syncline, which is occupied by rocks of Lower, Middle and Upper

Devonian age, transgresses the larger fold, the latter must have formed in pre-Devonian

time and must be related to the Bowning Orogeny (Browne, 1947). The Catombal fold,

on the other hand, is post-Devonian and probably formed during the Kanimbla Orogeny.

Although it is impossible to interpret the structure when the configuration and nature

of the basement are unknown, reference to Text-figure 1 will show that the Cudal Anti-

cline, the Borenore Syncline and the small basin south of the Molong Dome radiate

inwards towards the southern end of the Catombal Syncline, and it is tentatively

suggested that this gathering of the folds is due to the downwarping of the Catombal

Syncline. It is also possible that the Barragan, Avenel and Cargo folds are also related,

though their axes have been disturbed by subsequent faulting. The Molong Dome and

Copper Hill Anticline also trend towards the Catombal axis and may have been caused

by the same movement. A gathering of the folds at the northern end of the axis is not

so apparent although the Poggy Fault, and a small syncline about one mile east of it,

show such a trend. The Maryvale, Dome is possibly on the main axis of the Silurian fold

and the Ponto and Suntop Anticlines, as well as a small anticline north of the Narragal

Fault, are nearly parallel to the Bowning axis of folding and are possibly related to it.

Faults.

Basnett and Colditz recorded four faults in the Wellington area and Stevens

mapped two major faults in the southern area. With the possible exception of the

Poggy Fault all appear to be pre-Devonian, and to have transgressed probable Kanimbla

folds, thus they may be late Kanimbla.

On account of the similarity between the serpentinized lamprophyre in the Poggy

Fault, and the serpentine associated with augite-andesite at Lucknow, it is suggested

that a fault occurs at this locality though it has not been mapped and the trend

indicated is hypothetical. Detailed mapping will probably reveal other faults in the

area, particularly in the region between Boree and Oakey Creeks, which has so far

received little attention.

Unconfo7'mities.

In dealing with the stratigraphy it was indicated that two slight unconformities

are shown—one between Silurian and Lower Devonian rocks and the other between

rocks of Middle and Upper Devonian age (Brown, 1932).

Summary.

It has been indicated that the map is a compilation based on the work of sixteen

people. Though some parts have been mapped in detail, it is mainly a piece of reconnais-

sance mapping. Nevertheless, it serves a useful purpose in giving a regional picture of

the area and reveals slight unconformities between Silurian and Devonian rocks and

between Middle and Upper Devonian strata. Furthermore, the general structure of the

area is revealed, and it seems fairly evident that Kanimbla folding and faulting have

been superimposed on an anticlinorium which was folded during the Bowning Orogeny.

References.

Basnett, B. M., 1942.—The Dynamic and Contact Metamorphism of a Group of Ultrabasic

Rocks. J. Roy. Soc. N.S.W., 76, 51.

, and Colditz, M. .J., 1946.—General Geology of the Welling-ton District, N.S.W. Ibid.,

79, 37-47.

Brown, I. A., 1931.—The Stratigraphical and Structural Geology of the Devonian Rocks of

the South Coast of N.S.W. Proc. Linn. Soc. N.S.W., 56.

, 1932.—Late Middle Devonian Diastrophism in South-eastern Australia. Ibid., 57.

BROWNE;, W. R., 19 47.—A Short History of the Tasman Geosyncline of Eastern Australia.

Sci. Prog., 35, 625-637.

Carne, J. E., and Jones_, L. .J., 1919.—The Limestones of N.S.W. Geol. Surv. N.S.W., Min.

Res. 25.



88 STRATIGRAPHY AND STRUCTURE OF WELLINGTON-M()T,ONG-ORANGE-CANOW1NI)RA REGION.

CoLDiTz, M. J,, 1948.—The Petrology of the Silurian Volcanic Sequence at Wellington, N.S.W.

J. Roy. Soc. N.S.W. , 81, 180-197.

Btheridge, R., 1904.—Silurian and Devonian Corals of N.S.W. Afew. Geol. Surv. N.S.W.,

Palaeontology No. 13, 35.

, 1909.—The Trilobite Illaenus in the Silurian Rocks of N.S.W. Rec. Geol. Surv. N.S.W.,

8, 319-321.

Fletcher, H. O., 1950.—Trilobites from the Silurian of N.S.W. Rec. Aust. Mus., 22, 220-233.

Hill, D., 1942.—Middle Palaeozoic Rugose Corals from the Wellington District, N.S.W. J. Roy.

Soc. N.S.W., 76, 182.

, and Jones,, O. A., 19 40.—The Corals of the Garra Beds, Molong District, N.S.W.

Ibid., 74, 175.

Jones, L. J., 1936.—Geological Survey of Wellington Goldfleld—Progress Rept. Ann. Rept.

Dept. Mines for 1935, 76-78.

JopLiN, G. A., and Culey, A. G., 1938.—The Geological Structure and Stratigraphy of the

Molong-Manildra District. J. Roy. Soc. N.S.W., 71, 267-281.

Matheson, a. J., 1930.—The Geology of the Wellington District, N.S.W., with Special Reference

to the Origin of the Upper Devonian Series. Ibid., 64, 171.

Stevens, N. C, 1950.—The Geology of the Canowindra District. Pt. 1. The Stratigraphy and

Structure of the Cargo-Toogong District. Ibid., 82, 319-337.

, 1951.—Note on the Occurrence of a Shelly Facies in the Ordovician at Cliefden Caves,

near Mandurama, N.S.W. A^ist. J. Sci., 13 (3), 83.

SussMiLCH, C. A., 1906.—Note on the Silurian and Devonian Rocks occurring west of the

Canoblas Mountains near Orange, N.S.W. J. Roy. Soc. N.S.W., 40, 130-141.

, and Jensen, H. I., 1909.—The Geology of the Canoblas Mountains. Ibid., 34, 157.



::j^SiS

WELLINGTON- MOLONG -

ORANGE - CANOWINDRA
REGION

Eld'- 1

W

K

i''





STUDIES OF N-FIXING BACTERIA. I.

A Note on the Estimation of Azotobacter in the Soil.

By Y. T. TcHAN, Macleay Bacteriologist to the Society.

[Read 30th April, 19 52.]

Syno2}sis.

The controversy on the use of liquid and solid media for the estimation of Azotobacter

is critically examined. Experiences show that both techniques have some advantages and

difficulties. A combined technique is proposed.

In 1926 Winogradsky published an account of his silico-gel method for the estima-

tion of Azotobacter in the soil. He mistrusted the old liquid medium and based his

objections on the fact that, in a liquid medium, if Clostridium develops in the lower

layers a certain amount of N can be fixed which destroys the electivity of the medium.

If abundant CO2 is given off the medium becomes unsuitable for the growth of Azoto-

bacter. The presence of protozoa may also affect the test and prevent the formation of

a characteristic pellicle on the surface of the liquid. Because of these difficulties,

Winogradsky considered that a positive test for Azotobacter is possible only when a

large number of Azotobacter cells is present.

Jensen (1940) first pointed out that the liquid medium is better for detecting the

sporadic presence of Azotobacter in the soil, although he thought that the plate method

could be as accurate as the liquid medium if a comparable amount of soil inoculu^n

were used.

More recently McKnight (1949) confirmed Jensen's observation and considered

that the liquid medium is more accurate than the plate method.

Derx (1950) considered Winogradsky's silico-gel method as a very efficient

procedure for isolation of N-fixing organisms: "As will presently be seen, this method

has led to an important deepening of our knowledge of N-fixing organisms."

For the study of free N-fixing organisms in soil, it seems to us important to make

a choice between different techniques.

The difference between the plate method and the liquid medium is not only

dependent on the physico-chemical constitution, but there is a big difference in the

quantity of inoculum used. Apparently we cannot decide on the accuracy of each

technique when the quantity of inoculum used is not the same: (0-02 gr. p. plate

(10 cm. of diameter) and 1 gr. p. liquid medium).

Experiments were carried out to determine the accuracy of each technique.

Azotobacter chroococcum recently isolated from the soil (Sydney University) was

used. This culture was first incubated at 30 °C. for 24 hours. A small quantity of it

was then inoculated on a glucose-Agar for 18 hours. A suspension of this young

culture was made in sterilized distilled water. A microscopic examination sliows that

all cells were mobile and we may therefore assume that all the cells were living,

although it is not safe to assume that they can all reproduce. A direct estimation

with a haemocytometer gives the number of cells contained in 1 c.c. The suspension

was then diluted successively, by a factor of 10, until the last dilution contained the

required number of cells.

The medium used was Winogradsky's standard medium with 1-0% of glucose. For

the plate count technique, 2% of washed Agar is added.

Five parallel sets of the two media were inoculated with 0-2 c.c. of each dilution,

and incubated at 30°. The cultures were examined after one week; if no growth was

then visible they were incubated for a further week.

Number of cells calculated/0 2 c.c.

Plate : Mean number of colonies (5 plates)

Liquid medium : Number of tubes positive

200 20 2

52

5 5 3
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It is clear that the liquid medium is capable of giving a positive growth with a

few Azotobacter cells, if not with a single cell. If soil were present, it is possible

that one would not obtain sucli reliable results, as Winogradsky suggested.

In order to test this, a soil is needed which does not contain Azotobacter, but

which has all the physico-chemical-biological qualities necessary for its growth.

Fortunately, the Gilgai soil from Curlewis in New South Wales has the qualities

required. A similar experiment carried out with 0-5 gr. of soil (5 parallel sets in each

case).

Xuiiibor of cells calculated/0-2 c.c. .. .. 1200

Piatt- count : Mean of 5 sets . . . . . . Excess of

colonies.

Licj\iiil medium : Number of tubes positive .

.

5

Liquid medium -l-soil : Number of tubes positive 5

120 12 1-2

40-3

5 5 1

5 5 3

In all tubes containing soil, there was an abundant development of Clostridium.

A microscopic examination shows the presence also of protozoa which in our case do

not affect the formation of a characteristic pellicle of Azotobacter.

This experiment seems to eliminate all Winogradsky's objections and the presence

of soil seems favourable for the growth of Azotobacter.

In order to determine the effect of humus, an extract of humus was made from

the Gilgai soil and added to the test solution. The addition of this humus to the

medium did not seem to alter the growth of Azotobacter significantly.

Number of cells calculated

Plate counts 5 sets .

.

Liquid humus : Number of tubes positive

Liquid + soil: Number of tubes positive

1000

Excess of

colonies

Discussion.

In the tests carried out the liquid medium was more satisfactory tlian the 2%
Agar medium for detecting the presence of Azotobacter in tlie soil. The Agar medium

gives generally 25-33% of the theoretical number of colonies. Jensen (1940) found

that the relationships between the plate count of Azotobacter and the corresponding

direct counts of Azotobacter-like cells varied from 0-25% to 47%, with only 3 at

30-47% out of a total of 15 cases. Even if we accept that the Azotobacter-like cells in

the soil are not all Azotobacter, our results agree quite well with Jensen's.

Using the statistical table given by McCrady (in Calmette et al., 1948) we can

easily estimate the number of Azotobacter by the liquid medium.

Liquid Liquid Count

Number of Plate Count. Number of + Soil. Number of

Cells Counts. Number Azotobacter. Number Azotobacter

Calculated Characteristic. Characteristic.

200 520 553 90

120 40-3 551 35 553 90

100 25 -.5 /550

\551

r25

135

551 35

Although the liquid medium gave a better estimate of the total number of

Azotobacter it does not give a proper estimate of the different species present.

Conclusion.

The above tests suggest that tlie liquid medium is more accurate than the 2%
Agar plate for detecting the Azotobacter in soil. If we desire to have an idea of the

different species composing the soil population (of Azotobacter) it is better to use

the plate count technique.


